(19) 




(12) 



Europaisches Patentamt 
European Patent Office 
Off ice europeen des brevets (11) EP 0 949 212 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

13.10.1999 Bulletin 1999/41 

(21) Application number: 99302442.1 

(22) Date of filing: 29.03.1999 



(51) Int el. 6 : C03B 37/014, C03B 37/018, 
B01J 4/00 



(84) Designated Contracting States: 


(72) Inventor: Partus, Fred Paul 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Atlanta, Georgia 30342 (US) 


MC NL PT SE 


Designated Extension States: 


(74) Representative: 


ALLTLVMKROSI 


Johnston, Kenneth Graham et al 


(30) Priority: 09.04.1998 US 57840 


Lucent Technologies (UK) Ltd, 


5 Mornington Road 


(71) Applicant: 


Woodford Green Essex, IG8 OTU (GB) 


LUCENT TECHNOLOGIES INC. 




Murray Hill, New Jersey 07974-0636 (US) 





< 

CM 

o> 

CD 

O 

CL 
LU 



(54) Methods of and systems for vapor delivery control in optical preform manufacture 

(57) A method and system are described for con- 
trolling the delivery of vapor from a bubbler containing a 
supply of liquid through which a carrier gas is bubbled 
and from which bubbler vapors are delivered in a vapor 
stream entrained with the carrier gas. In general, 
embodiments of the invention involve utilizing the pres- 
sure of the vapor leaving the bubbler as the specific 
characteristic monitored and controlled to ensure that 
the concentration level of carrier gas to vapor is main- 
tained at the desired level throughout the manufacturing 
process. 

Embodiments of the invention involve introducing a 
concentration detector within the flow path of the bub- 
bler vapors from the bubbler and having the output of 
the concentration detector input to a concentration con- 
troller. The concentration controller compares the con- 
centration value received from the concentration 
detector to a desired concentration value determined for 
the system. In order to correct for any discrepancies 
between the measured and desired concentration lev- 
els, the concentration controller activates the opening 
and/or closing of a valve, which as the concentration 
detector is positioned within the fiow of bubbler vapor 
exiting the bubbler. 
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Description 
TECHNICAL FIELD 

[0001] This invention relates to methods of and sys- s 
terns for vapor delivery control. More particularly, it 
relates to the controlling of the concentration level of 
vapor which is delivered to a deposition site where it is 
used in the manufacture of optical preforms from which 
lightguide fiber is drawn. io 

BACKGROUND OF THE INVENTION 

[0002] The use of optical fiber communication sys- 
tems has increased significantly during the last few is 
years. It appears likely that the use of this mode of com- 
munications will continue to increase in the future. Not 
surprisingly, companies engaged in the manufacture of 
components for these systems continue to seek ways to 
reduce their costs. One approach is to enhance the effi- 20 
ciencies of handling materials involved in the production 
of optical preforms, from which optical fibers may be 
drawn. 

[0003] Presently, optical preforms are being manufac- 
tured in a number of different processes which include 25 
vapor deposition as a materials-forming technique. 
These processes are used to manufacture optical pre- 
forms which is a very early step in making lightguide 
optical fibers. One such process which is known as a 
modified chemical vapor deposition (herein after 30 
MCVD) process is described in J. B. MacChesney 
"Materials and Processes for Preform Fabrications - 
Modified Chemical Deposition," Vol. 64, proceedings of 
IEEE, pages 1181-1184 (1980). 

[0004] Input to the MCVD process generally com- 35 
prises a carrier gas and reactant vapors such as germa- 
nium tetrachloride (GeCI 4 ), silicon tetrachloride (SiCI 4 ) 
and phosphorous oxychloride (POCI 3 ). These reactant 
vapors are supplied from vaporizers commonly referred 
to as deposition bubblers and are passed to a deposi- 40 
tion site such as a glass substrate tube. An optical pre- 
form is manufactured by sequentially heating poriions of 
the substrate tube to a temperature in the range of 1 600 
°C to 1 800 °C to react the vapors as they flow through 
the bore of the tube and deposit them within the sub- 45 
strate tube. In the manufacture of preforms using the 
MCVD technique, the reactant vapors need to be mixed 
or blended precisely and delivered at controlled concen- 
tration levels to the substrate tube (as opposed to a 
torch for other manufacturing techniques discussed so 
later). To date, such controlled delivery has been 
achieved by bubbling a carrier gas such as oxygen (0 2 ), 
argon (Ar), helium (He) and/or nitrogen (N 2 ), for exam- 
pie, through heated supplies of the reactant materials in 
iiquid form in bubblers and then to the deposition site 55 
with the vapors entrained in the carrier gases. 
[0005] Typically, a deposition bubbler includes a con- 
tainer in which a carrier gas intake conduit terminates in 



an orifice located below the free surface of liquid con- 
tained therein. An outlet conduit provides fluid commu- 
nication between the space above the surface of the 
liquid and the vapor deposition site. Exemplary of depo- 
sition systems employing bubblers is that illustrated in 
U.S. Patent Nos. 3,826,560, and 4,276,243. 
[0006] Inasmuch as vapor of the liquid contained 
within a deposition bubbler is withdrawn during deposi- 
tion, the level of liquid drops unless the bubbler is 
replenished from an auxiliary source. In some applica- 
tions, decreases in the level of liquid within the bubbler 
have little effect. In other applications, however, such as 
in vapor deposition processes employed in the manu- 
facture of optical fiber preforms, variations in the liquid 
level may have an adverse effect such as changing the 
concentration level of the delivered vapor. 
[0007] The vaporization rate also is dependent upon 
several other factors including the flow characteristics of 
the carrier gas bubbled through the iiquid. For example, 
the size of the bubbles, as they rise through the liquid, 
has an effect on the rate of vaporization. The rate of flow 
of the carrier gas introduced into the bubbler also affects 
the rate of vaporization, as does the residence time of 
the bubbles which, of course, depends on the depth at 
which the carrier gas is introduced and in turn, on the 
rate of replenishing the liquid relative to the rate of use 
as discussed above. Another factor is the control of the 
heat transfer into the bubbler which is affected by signif- 
icant changes in the quantity of liquid in the bubbler. 
Although it is possible to program a heater controller to 
account for some of these variables as changes in the 
level of liquid are continuously monitored, that approach 
is complex and does not satisfy completely the needed 
control for vapor delivery. 

[0008] In addition to the references listed above, U.S. 
Pat. No. 4,235,829 is noted. In it, there is shown a vapor 
delivery system which comprises a deposition bubbler 
adapted to generate and to deliver vapor from a liquid 
contained therein and in a reservoir in fluid communica- 
tion with the bubbler. Facilities are provided for sensing 
the level of the liquid contained within the bubbler and 
for providing gaseous head pressures in the reservoir of 
magnitudes dependent upon the sensed liquid level. 
The iiquid level in the bubbler drops as liquid is vapor- 
ized and withdrawn from the bubbler whereupon the 
level is adjusted by increasing the pressure head in the 
reservoir to feed liquid to the bubbler. Although the sys- 
tem works well, perturbations in the deposition bubbler 
caused by a drop in liquid level and then a rise due to 
the changing of the pressure in the reservoir can to an 
extent affect adversely the rate of vaporization and 
hence the concentration level of the vapor. These level 
changes are increased as the rate of deposition and 
hence the rate of withdrawal of vapor are increased. 
[0009] Additionally, commonly-assigned U.S. Pat. No. 
4,276,243 discloses a similar vapor delivery system 
which utilizes the temperature of the liquid as the char- 
acteristic to be monitored and manipulated to control 
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the concentration level at the desired value. However, 
while this system is effective, the slow rate at which the 
overall temperature of the liquid can be changed, partic- 
ularly cooled, often results in an unwanted delay in 
achieving the desired concentration level corrections. 
[0010] There also exists systems in which, for exam- 
ple, one bubbler is positioned within another with both 
bubblers being depleted substantially sequentially. An 
exemplary system of this type is described in U.S. Pat- 
ent 4,582,480. 

[001 1 ] A satisfactory solution for the problem of con- 
trolling, accurately and with rapid response time, the 
concentration level of the carrier gas and the vapor 
being delivered to a deposition site, such as a substrate 
tube used in the manufacture of optical preforms would 
be quite advantageous. 

SUMMARY OF THE INVENTION 

[001 2] The foregoing problem has been overcome by 
the method and system of this invention. In accordance 
with embodiments of the invention, a method and sys- 
tem is described for controlling the delivery of vapor 
from a bubbler containing a supply of liquid through 
which a carrier gas is bubbled and from which bubbler 
vapors are delivered in a vapor stream entrained with 
the carrier gas. In general, embodiments of the inven- 
tion involve utilizing the pressure of the gas leaving the 
bubbler as the specific characteristic monitored and 
controlled to ensure that the concentration level of car- 
rier gas to vapor is maintained at the desired level 
throughout the manufacturing process. 
[001 3] Embodiments of the invention involve introduc- 
ing a concentration detector within the flow path of the 
bubbler vapors from the bubbler and having the output 
of the concentration detector input to a concentration 
controller. The concentration controller compares the 
concentration value received from the concentration 
detector to a desired concentration value determined for 
the system. In order to correct for any discrepancies 
between the measured and desired concentration lev- 
els, the concentration controller activates the operation 
of a pressure varying device, such as the opening 
and/or closing of a valve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 4] Other features of embodiments of the invention 
will be more readily understood from the following 
detailed description of specific embodiments thereof 
when read in conjunction with the accompanying draw- 
ings, in which: 

FIG. 1 is a schematic diagram of an embodiment of 
a vapor delivery system embodying the principles 
of this invention; and 

FIG. 2 is a schematic diagram of an alternative 
embodiment of a vapor delivery system embodying 



the principles of this invention. 
DETAILED DESCRIPTION 

s [0015] In general, embodiments of the invention 
include a vapor delivery system for use in manufactur- 
ing an optical preform from which iightguide optical fiber 
is drawn. The system is designed to provide a vapor 
stream of a vaporizable liquid which is contained in a 

io reservoir and in a vaporizer system. The reservoir may 
be a shipping container which need not be connected 
permanently to the vapor delivery system. A carrier gas, 
such as oxygen (0 2 ), argon (Ar), helium (He) and/or 
nitrogen (N 2 ), for example, is bubbled through the liquid 

75 in the vaporizer system to cause the gas to be entrained 
with a vapor of the liquid and fed to a vapor deposition 
site such as a lathe (not shown) of an MCVD system. 
See, for example, U. S. Pat. No. 4,217,027. 
[0016] While the MCVD process is initially disclosed 

20 herein as the manufacturing technique used at the dep- 
osition site for creating an optical product having a core 
region and a clad region, other known approaches such 
as vapor axial deposition (VAD) and outside vapor dep- 
osition (OVD), may also benefit from use of the inventive 

25 vapor delivery system. However, one operational differ- 
ence is that the reactant vapors are delivered to a torch 
during both the VAD and OVD processes as opposed to 
a substrate tube during the MCVD process. 
[0017] In accordance with embodiments of the inven- 

30 tion, a pressure value, or other means to effect the pres- 
sure, within an output vapor conduit from the vaporizer 
system is utilized to control the concentration level of 
vapor entrained within the carrier gas and maintain the 
desired concentration level needed for the ultimate opti- 

35 cal fiber being produced. Although the particular units 
used to describe the concentration level is not critical, 
for convenience, as used herein concentration level 
refers to the molar concentration of the vapor of the liq- 
uid and the carrier gas. 

40 [0018] As illustrated in FIG. 1, one system in accord- 
ance with embodiments of the invention includes a con- 
duit 2 which provides fluid communication between the 
reservoir 4 and the vaporizer system 10. A valve 6 is 
inserted into the conduit 2 between the reservoir 4 and 

45 the vaporizer system 1 0. The reservoir 4 is dimensioned 
to have a capacity several orders of magnitude greater 
than that of the vaporizer system 10. The reservoir 4, 
the vaporizer system 10 and the conduit 2 are con- 
structed of a material that is water and OH impermeable 

so such as glass or metal, for example. A gas intake line 8 
extends upwardly from the top of the reservoir 4 through 
a valve and pressure regulator 9 to a source (not 
shown) of compressed gas which may be the same as 
the carrier gas. The pressure of the gas is adjusted as 

55 needed to either transfer liquid from the reservoir 4 to 
the vaporizer system 1 0 or to maintain a reservoir head 
pressure. 

[001 9] As an example of one design arrangement of a 
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fluid transfer system that can be used in accordance 
with embodiments of the invention, the vaporizer sys- 
tem 1 0 is shown to comprise a vaporizer in the form of a 
bubbler 12 which preferably has a resistance heater 14 
jacketed about the exterior surface of the bubbler 12. A 5 
carrier gas intake conduit 16 extends from an unshown 
source of pressurized gas laterally into an upper space 
22 of a temperature-controlled enclosure 20 and 
through a flow controller unit 28. As a matter of note, the 
heater control is a conventional power controller such 10 
as a conventional 3-mode power controller. 
[0020] In the exemplary fluid transfer system shown, 
after passing from the flow controller unit 28 the conduit 
16 is directed downwardly through a partition 26 and 
through a lower space 24 within the enclosure 20. The is 
conduit 16 then exits the enclosure 20 and extends fur- 
ther downwardly into the bubbler 12 terminating with a 
lower outlet 1 8 located near the bottom of bubbler 1 2. A 
vapor stream conduit 30 extends upwardly from an 
intake orifice 32 located at the top of the bubbler 12 into ■ 20 
the temperature-controlled enclosure 20. As a result of 
processing within the vaporizer system 10, output vapor 
stream conduit 30 contains carrier gas entrained with 
vapors of the liquid to be transferred to the deposition 
site such as a lathe. It should be noted that the orienta- 25 
tion of the conduit 30 is preferably vertical as it leaves 
the bubbler 12 so that any condensation or aerosol 
which might occur within this portion of the conduit grav- 
itates back into the bubbler. Additionally, it should be 
understood that numerous vapor stream conduits like 30 
30 may juncture with other, unshown vapor stream con- 
duits from other vaporizer systems and then out of the 
enclosure 20 to a selected vapor deposition site or sta- 
tion. 

[0021] In accordance with an embodiment of the 35 
invention, the pressure value within output vapor con- 
duit 30 is utilized to control the concentration level of 
vapor entrained within the carrier gas and maintain the 
desired concentration level needed for the ultimate opti- 
cal fiber being produced. As illustrated, conduit 30 40 
extends up and out of the vaporizer system 10 and into 
temperature-controlled enclosure 20. A valve 34 and a 
concentration level detector 36 are introduced in the 
portion of conduit 30 located within the temperature- 
controlled enclosure 20. The concentration level detec- 45 
tor 36 ascertains the ratio of vaporized liquid to carrier 
gas and transfers this ratio or concentration level to a 
concentration level controller 38. It is important to note 
that the concentration level detector 36 may be posi- 
tioned on either the low-pressure side or the high-pres- so 
sure side of valve 34 and still be effective in accordance 
with embodiments of the invention since the principles 
of ideal gas behavior can generally be applied to 
vapor/carrier gas mixture described herein. 
[0022] Concentration level controller 38 compares the 55 
measured value with a targeted value for the amount of 
vapor entrained within a given amount of carrier gas. 
The targeted concentration level may be established 



based on the performance criteria desired for the ulti- 
mate optical fiber to be drawn from the optical preform 
manufactured from a vapor deposition process utilizing 
the inventive vapor delivery system. However, it should 
be recognized that in accordance with embodiments of 
the invention, instead of directly measuring the actual 
concentration level one may measure a different param- 
eter which can be used to ascertain the concentration 
level. 

[0023] Embodiments of the invention involve the prin- 
ciple that a pressure change within the vapor conduit 30 
results in a change in the concentration level of the car- 
rier gas entrained with vapor of the liquid present within 
the conduit 30. Based on this principle, one embodi- 
ment of the invention employs valve 34 as a means to 
controllably varying the pressure within conduit 30 so as 
to maintain the concentration level equal to the targeted 
or desired concentration level. 

[0024] The concentration level of the mixture of vapor 
to the carrier gas is proportional to the vapor pressure of 
the liquid divided by the total pressure of the mixture. 
This can be illustrated mathematically as follows: 

p 

concentration level « - v - 



total 



wherein P v represents the actual vapor pressure of the 
liquid and P totaI represents the pressure of the total mix- 
ture of carrier gas and entrained vapor, both at the given 
environmental conditions, that is, temperature and pres- 
sure, in which the system is operating. 
[0025] Valve 34 provides the ability to vary !he pres- 
sure of vapor-entrained carrier gas flowing through the 
conduit 30, P tota( . More specifically, opening valve 34 
wider reduces the pressure in conduit 30 and increases 
the concentration level of the mixture of vapor and car- 
rier gas ultimately reaching the deposition site. On the 
other hand, closing the valve 34, causes the pressure of 
vapor-entrained carrier gas flowing through the conduit 
30 to increase thereby acting to decrease the concen- 
tration level of the mixture of vapor and carrier gas ulti- 
mately reaching the deposition site. 
[0026] In a closed or static system, the vapor pressure 
is a function of temperature only. However, in an open or 
dynamic system, such as the vapor delivery system 
described herein, the vapor pressure above the liquid is 
also a function of the carrier gas flow rate. Therefore, to 
maintain the concentration level at a desired value, 
either the liquid temperature and/or the total pressure 
above the liquid may be manipulated to control the con- 
centration level. As stated earlier, U.S. Patent 4,276,243 
attempts to maintain the desired concentration level by 
manipulating the temperature of the liquid, embodi- 
ments of the invention achieve a more rapid response 
by utilizing the pressure of the vapor-entrained carrier 
gas flowing through the conduit 30 to maintain the 
desired concentration level. 
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[0027] As a result of embodiments of the invention, 
many of the considerations that may lead to an undesir- 
able concentration level are able to be obviated, or cor- 
rected for, by post vaporization adjustments. Some of 
the considerations and/or aspects which introduce 5 
adverse affects on the operation of a vapor delivery sys- 
tem include changes in the, 1) fiow rate of the carrier 
gas through the vaporizer system, 2) ambient baromet- 
ric pressure, 3) temperature of the liquid, and 4) down- 
stream pressure and temperature perturbations (that is, w 
possibly due to the introduction of more chemicals into 
the system resulting in higher backpressure), for exam- 
ple. 

[0028] Further discussion of some of the remaining 
elements of a vapor delivery system in accordance with 15 
embodiments of the invention are addressed beiow. In 
general, flow controller unit 28 includes a flow rate sen- 
sor. One commercially available flow rate sensor utilizes 
the principle that the temperature rise of a gas at a rela- 
tively constant pressure is a function of the amount of 20 
heat added, the mass flow rate and other properties of 
the gas. Constant power is supplied to the sensor unit 
which experiences a change in resistance when gas is 
flowed therethrough. An upstream sensor is cooled at a 
higher rate than a downstream sensor, providing a 25 
bridge imbalance. The bridge output then can be cali- 
brated with actual gas flows that are monitored with a 
standard device such as a Brooks volumeter. A more 
detailed explanation of these types of flow rate sensors 
is provided in previously referenced U.S. Patent 30 
4,276,243. 

[0029] With regard to the particulars of the concentra- 
tion detector 36, it should be noted that a bridge circuit 
referenced immediately above and described in further 
detail in U.S. Patent 4,276,243 is acceptable in accord- 35 
ance with embodiments of the invention. Additionally, 
commonly-assigned U.S. Patent 5,051,096 describes 
an alternative type of concentration detector that is like- 
wise suitable for implementing the novel aspects of 
embodiments of the invention. 40 
[0030] In operation, the reservoir 4 is partially filled 
with liquid chemicals which are to be deposited by vapor 
deposition at an unshown vapor deposition station such 
as where a fiber optic preform or rod is to be con- 
structed. As shown in FIG. 1, according to one embodi- 45 
ment of the invention, the reservoir 4 may be mounted 
at the same height as the bubbler 12. As a result the liq- 
uid chemicals flow from the reservoir through conduit 2 
into the bubbler until the surface level of the liquid in the 
bubbler 12 equals that of the surface level of the liquid so 
within the reservoir. A gas is then introduced under 
pressure into the reservoir 4 through conduit 8 to estab- 
lish a desired level for the surface of the liquid within the 
bubbler 12. Alternatively, the reservoir 4 could be at a 
different elevation from the bubbler 12 and a valve 6 be 55 
used to control the flow of liquid into the bubbler 12 from 
reservoir 4. 

[0031] With the desired level of liquid in the bubbler 



12, the carrier gas, which as stated earlier may be oxy- 
gen (0 2 ), argon (Ar), helium (He) and/or nitrogen (N^, 
for example, is introduced through the flow controller 28 
and through the vaporizer system 10 and bubbled up 
through the liquid. Since the liquid in the bubbler 12 is 
maintained substantially constant, the rise time and size 
of the bubbles is preestablished by the size of the outlet 
18 of the conduit 16. In turn, both the surface area and 
time of exposure of the bubbles of carrier gas to the liq- 
uid as the gas rises to the surface is also predeter- 
mined. Vapors thus diffuse into the bubbles themselves 
as well as occupying the space above the liquid within 
the bubbler 12. Vaporization also occurs at the surface 
of the liquid. It should be noted that in accordance with 
embodiments of the invention, the vaporizer system 1 0 
is not required to be of the bubbler type. 
[0032] Finally, the carrier gas carries the vapors out of 
the bubbler 12 through the inlet orifice 32 of conduit 30 
and then upwardly through the conduit 30 to the con- 
centration level detector 36 as described above. Once 
the concentration levels are appropriately set and con- 
trolled the mixture of vapors and carrier gas within con- 
duit 30 may be mixed with gases and other vapors from 
other unshown vaporizers. 

[0033] In addition to a vaporizer system having a sin- 
gle bubbler as described above and shown in FIG. 1 , an 
alternative embodiment illustrated in FIG. 2 includes a 
dual bubbler arrangement. As seen in FIG. 2, in the two 
bubbler embodiment, a bubbler system 126 includes a 
supply bubbler 140 and a deposition bubbler 160 which 
preferably is smaller than the supply bubbler 140. A car- 
rier gas intake conduit 148 extends from an unshown 
source of pressurized gas into a temperature controlled 
chamber 1 50 and through the flow controller and sensor 
unit 128 therein. The flow controller and sensor unit 128 
includes a flow rate sensor for the carrier gas. See, for 
example, U.S. Patent No. 4,276,243. 
[0034] After passing through the unit 128, the conduit 
1 48 is directed downwardly out of the chamber 510 and 
into the supply bubbler 140 terminating in a lower inlet 
154, preferably adjacent to the bottom of the supply 
bubbler 140. The inlet 154 may comprise a glass frit 
member which is effective to generate relatively small 
bubbles to enhance the bubbling of the carrier gas. A 
vapor stream conduit 156 extends upwardly from an 
intake orifice 1 58 located adjacent to the top of the sup- 
ply bubbler 140 into the deposition bubbler 160. The 
conduit 156 terminates in an outlet 162 adjacent to the 
bottom of the deposition bubbler 160. 
[0035] Through the top of the deposition bubbler 160 
extends a vapor stream conduit 170. It extends from an 
intake 168 along a line 170 into a temperature-control- 
led chamber 150. As described with regard to the single 
bubbler embodiment, embodiments of the invention 
involve the utilization of a valve 180 and a concentration 
level detector 182 positioned in conduit 170, in conjunc- 
tion with concentration controller 184, to manipulate the 
pressure within the conduit to adjust the concentration 
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level of the mixture of carrier gas and vapor exiting the 
deposition bubbler 160. The operation of these compo- 
nents are identical in the two bubbler embodiment as 
described in great detail above with regard to the single 
bubbler embodiment, so no additional discussion will be 5 
provided at this point. 

[0036] In operation, a liquid shipping container which 
may serve as a reservoir 124 is connected to a line 132 
with a valve 133 being in the off position. The supply 
and deposition bubblers 140 and 160, respectively, are w 
filled individually by opening valve 133, and opening 
and closing the valve 174, and then opening the valve 
172. Afterwards, valve 133 is closed. Then a valve 136 
located in a line 134 is opened to cause a pressurized 
gas to enter the reservoir 1 24. 15 
[0037] The heaters 142 and 163 are used to control 
the temperature of the liquid in the supply and deposi- 
tion bubblers 140 and 160, respectively, to vaporize liq- 
uid therein. In the embodiment shown in FIG. 2, which is 
characterized as being temperature controlled, signals 20 
corresponding to the temperatures sensed by the sen- 
sors 146 and 166, respectively, are provided to input ter- 
minals of the heater controllers 145 and 165, 
respectively. The heater controllers are conventional 
power controllers such as, for example, a conventional 25 
3-mode power controller. Each controller uses a tem- 
perature input to calculate an output which controls the 
current flow to one of the bubbler heaters. 
[0038] A carrier gas which as stated earlier may be 
oxygen (0 2 ), argon (Ar), helium (He) and/or nitrogen 30 
(N2), for example, is flowed into the flow controller and 
sensor unit 128. The signal from the carrier gas flow 
rate sensor (not shown) of the flow controller and sen- 
sor unit 128 is compared to a set point. An output signal 
is amplified and directed to a valve (not shown) posi- 35 
tioned within the input conduit 148 to control the flow of 
the carrier gas. 

[0039] The carrier gas is introduced along the conduit 
148 into the supply bubbler 140 below a free surface 
thereof to cause vapor of the liquid to become entrained 40 
in the carrier gas. Then the vapor entrained carrier gas 
is flowed from the supply bubbler along the conduit 1 56 
into the liquid in the deposition bubbler 160 and out of 
the deposition bubbler 160 to the deposition site. Intro- 
duction of the carrier gas into the liquid in the supply 45 
bubbler 140 and the deposition bubbler 160 causes 
bubbles to form and to rise to the liquid surface. 
[0040] The rate of vaporization may be affected by the 
temperature of the liquid, the size of the bubbles and the 
residence time of the bubbles in the liquid. The quantity so 
of liquid in the supply bubbler 140 is sufficient to enable 
suitable temperature control such that the carrier gas is 
partially saturated with vapor as it leaves the supply 
bubbler. The quantity of liquid and temperature are 
maintained generally to cause the vapor in the outflow 55 
from the supply bubbler preferably to be about 90 to 
110% of the total amount of vapor which is entrained in 
the carrier gas and flowed out of the deposition bubbler 



to the deposition site. At 100% outflow from the supply 
bubbler the liquid level in the deposition bubbler does 
not change. 

[0041] The use of two bubblers allow one, the supply 
bubbler 140, to act as a gross contribution bubbler while 
the deposition bubbler 160, is used to trim or fine tune 
the amount of vapor. Further, because of the relatively 
small net outflow of vapor, that is the outflow less the 
inflow, provided by the liquid in the deposition bubbler 
1 60, the level of the liquid in that bubbler during a pre- 
form manufacturing run drops or rises only slightly and 
for feedback purposes remains substantially constant. 
As a result, unintended perturbations within the deposi- 
tion bubbler 160 are prevented and adverse effects on 
feedback are minimized. 

[0042] Typically, the difference between the outflow 
and inflow of vapor in the deposition bubbler 160 is rel- 
atively small, and may be controlled with temperature. 
In addition to such temperature manipulations to convey 
materials between the reservoir and/or bubblers, valve 
1 74 may be used to directly introduce additional liquid 
into the deposition bubbler. However, it should be noted 
that the introduction of new material that is at a different 
temperature than that already in the bubbler may result 
in temperature perturbations. 

[0043] The liquid level in the supply bubbler 140 is at 
least at a level such that the quantity of liquid in the sup- 
ply bubbler 140 is sufficient to enable temperature con- 
trol over the liquid therein which is suitable for the 
control of the mass flow rate of vapor into and out of the 
deposition bubbler. Mass flow rate in units of grams per 
minute, for example, is the product of the concentration 
in grams per cubic centimeter and the volumetric flow in 
cubic centimeters per minute. With the mass flow rate of 
vapor into the deposition bubbler being only slightly less 
than the mass flow rate of vapor therefrom in a preferred 
embodiment, the liquid level in the deposition bubbler 
160 is maintained almost constant, that is, within about 
+/- 1 inch of the targeted level. If the level of the liquid in 
the supply bubbler 140 is so low that the heater 142 is 
not effective to provide suitable temperature control of 
the liquid therein, a greater imbalance of the mass flow 
rates into and out of the deposition bubbler 160 occurs. 
Inasmuch as less vapor is being entrained in the supply 
bubbler 140, the net vapor outflow form the deposition 
bubbler 160 increases, perhaps substantially. As a 
result of these perturbations in the deposition bubbler 
160, the concentration level of the delivered vapor 
changes thereby affecting adversely the deposition in 
the optical preform. 

[0044] Advantageously, presently used shipping con- 
tainers of the liquids used in the vapor deposition proc- 
ess are sufficiently large so that they can be used to fill 
the supply bubbler 140 on a plurality of occasions with 
liquid sufficient for a preform manufacturing run. As a 
result, once the supply bubbler 140 is filled and valve 
133 is closed, operation continues for the preform man- 
ufacturing run and there is no need to reopen valve 1 33. 
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Furthermore, the shipping container can be discon- 
nected from the bubbler system at valve 133 and used 
to fill other bubbler systems. The broken line 1 75 in FIG. 
2 is used to indicated that the reservoir 124 need not be 
a permanent part of the system 120. 5 
[0045] Embodiments of the invention enable real time 
adjustments to be made to the concentration level of the 
vapor-entrained carrier gas within the conduit exiting the 
deposition bubbler. In this regard, there is less of a need 
to use any elaborate techniques to attempt to control 10 
the relative temperatures of the liquid within any of the 
bubblers and/or reservoirs as a method of maintaining 
the desired liquid level therein. Instead, as long as there 
is sufficient liquid to achieve the desired entrainment of 
vapor within the carrier gas, embodiments of the inven- is 
tion require no manipulation of the liquid level(s) and/or 
temperature(s) during the time that material is being 
actually transferred from the vaporization system to a 
deposition site. Therefore, at least one advantage that 
embodiments of the invention have relative to existing 20 
vapor delivery systems is that the liquid levels within 
each of the bubblers and reservoirs need only be set 
prior to starting a deposition manufacturing pass or run 
and then left alone throughout the duration of that dep- 
osition run. In contrast, existing vapor delivery systems 25 
introduce additional liquid into the bubblers during a 
deposition run and as a result of the liquids being at dif- 
ferent temperatures cause the concentration levels of 
the materials ultimately exiting the vaporization system 
to be adversely effected. 30 
[0046] However, it should be recognized that some of 
the known techniques used to establish and maintain 
liquid levels may also be employed in conjunction with 
embodiments of the invention to fill the bubbler(s) prior 
to each deposition run. In particular, the system 120 35 
may include a feedback loop which includes the valve 
133 and a pair of detectors 1 76 and 1 78 such as photo- 
detectors, for example, that are mounted adjacent to the 
exterior of the supply bubbler. See, for example, priorly 
identified U.S. Pat. No. 4,235,829. As the level of the liq- 40 
uid supply bubbler 140 drops, it may reach a level which 
is aligned with the detector 178 at a low level for the 
supply bubbler. 

[0047] In general, an electrical signal generated by 
either detector is functionally related to the level of the 45 
liquid in the supply bubbler 140. Should the level of the 
liquid in the supply bubbler 140 drop below the detector 
178, a signal is provided to valve 133 which is energized 
to be opened to allow the liquid 122 in the reservoir 
under a pressure head to be moved through the open so 
valve 172 into the supply bubbler 140. When the liquid 
level in the supply bubbler 140 rises to the level of the 
detector 176, another signal is provided to valve 133 to 
cause it to be closed thereby discontinuing liquid flow in 
the supply bubbler 140. As stated above, it should be ss 
recognized that if such temperature manipulations are 
used during a deposition run to control the liquid levels, 
unwanted temperature gradients may occur (since the 



newly introduced liquid may have a different tempera- 
ture than that already in the bubbler) and result in carrier 
gas flow perturbations. 

[0048] It is to be understood that the above-described 
arrangements are simply illustrative of the invention. 
Other arrangements may be devised by those skilled in 
the art which will embody the principles of the invention 
and fall within the spirit and scope thereof. 

Claims 

1. A vapor delivery control system which delivers a 
vapor of a liquid to a vapor deposition site compris- 
ing: 

a vaporizer (12) which contains a quantity of 
the liquid and which introduces a state change 
to transform at least a portion of the liquid to 
vapors; 

a device (16) which introduces a carrier gas 
into the vaporizer; and 

a fluid communication path (30) between the 
vaporizer and the deposition site which trans- 
fers carrier gas entrained with vapors of the liq- 
uid to the deposition site, 
characterized in that 
the system further comprises 
a detector (36) positioned within the fluid com- 
munication path which measures a characteris- 
tic which can be used to ascertain the 
concentration level of vapor of the liquid in the 
carrier gas, and 

a device (38) which controls the pressure 
within the fluid communication path in a man- 
ner that maintains a desired concentration level 
of vapor of the liquid in the carrier gas. 

2. The optical products manufacturing system of claim 
1 further comprising a concentration controller 
which compares the ascertained concentration 
level to the desired concentration level of a mixture 
of the carrier gas entrained with vapor of the liquid;. 

3. The optical products manufacturing system of claim 
1 wherein the device which varies the pressure 
within the fluid communication path is a valve posi- 
tioned within the fluid communication path. 

4. The optical products manufacturing system of claim 
3 wherein the concentration detector is positioned 
on the low pressure side of the valve positioned 
within the fluid communication path. 

5. The optical products manufacturing system of claim 
3 wherein the concentration detector is positioned 
on the high pressure side of the valve positioned 
within the fluid communication path. 
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The optica! products manufacturing system of claim 
3 wherein the vaporizer further comprises: 

a deposition bubbler which contains a quantity 
of a liquid and which is in fluid communication 
with the deposition site; 

a supply bubbler which contains a quantity of 
the liquid and which is in fluid communication 
with the deposition bubbler. 

■ The optical products manufacturing system of claim 
6, further comprising a heating system which con- 
trols the temperature of the liquid in the deposition 
bubbler relative to that of the liquid in the supply 
bubbler. 

A method of controlling the delivery of vapor of a liq- 
uid to a vapor deposition site, said method including 
the steps of: 

employing a bubbler which contains a quantity 

of the liquid and which is in fluid communication 

with the deposition site; 

vaporizing a portion of the liquid in the bubbler; 

and 

introducing a gas into the bubbler to cause 
vapor of the liquid to become entrained in the 
gas and to flow from the bubbled to the deposi- 
tion site, 

characterized in that 

the method further comprises the step of 
controlling the pressure between the bubbler 
and the deposition site to cause the concentra- 
tion level of a mixture of the gas entrained with 
vapor of the liquid to be regulated. 

The method of claim 8 which prior to controlling the 
pressure further comprising the steps of: 
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15 



20 



25 



tion level of the vapor which is entrained in the 
gas to maintain a predetermined value. 

1 2. The method of claim 1 1 wherein detecting of the 
concentration level of the carrier gas and vapor of 
the liquid occurs after fluid flow engages the valve 
positioned between the bubbler and the deposition 
site. 

1 3. The method of claim 8 further comprising the steps 
of: 

providing an additional bubbler which contains 
a quantity of the liquid and which is in fluid com- 
munication with the bubbler which is in fluid 
communication with the deposition site. 

14. The method of claim 13 further comprising the 
steps of: 

maintaining the temperature of the liquid in the 
additional bubbler at a desired value relative to 
that of the liquid in the bubbler which is in fluid 
communication with the deposition site. 



30 



35 



detecting the concentration level of the carrier 40 
gas and vapor of the liquid; and 
comparing the detected concentration level to a 
desired concentration level of the carrier gas 
and vapor of the liquid for the system. 

45 

1 0. The method of claim 9 wherein detecting of the con- 
centration level of the carrier gas and vapor of the 
liquid occurs before fluid flow engages the valve 
positioned between the bubbler and the deposition 



11. The method of claim 8 further comprisina the steps 
of: 



manipulating a valve positioned between the 55 
bubbler and the deposition site to vary the 
pressure between the bubbler and the deposi- 
tion site as needed to maintain the concentra- 



8 




EP0 949 212 A1 




■'SOOCID: <EP 094921 2A1_I_> 



EP0 949 212 A1 





EP0 949 212 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 2442 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



A 



PATENT ABSTRACTS OF JAPAN 

vol. 12, no. 450, 

25 November 1988 (1988-11-25) 

-& JP 63 176328 A (SUMITOMO ELECTRIC IND 

LTD.), 20 July 1988 (1988-07-20) 

* abstract; page 172 * 



US 4 582 480 A (B. LYNCH ET AL. ) 
15 April 1986 (1986-04-15) 

* figures 1,2 * 

PATENT ABSTRACTS OF JAPAN 

vol . 17, no. 190, 

14 April 1993 (1993-04-14) 

& JP 04 342434 A (FUJIKURA LTD.), 

27 November 1992 (1992-11-27) 

* abstract * 



PATENT ABSTRACTS OF JAPAN 

vol . 97, no. 2, 

28 February 1997 (1997-02-28) 

& JP 08 259239 A (SHIN-ETSU CHEM. CO 

LTD.), 8 October 1996 (1996-10-08) 

* abstract * 



EP 0 040 540 A ( J .C . SCHUMACHER CO.) 
25 November 1981 (1981-11-25) 
* page 11, line 8 - line 16; claims 1,5- 
figure 1 * 



The present search report has been drawn up for all claims 



1-3,5, 
8-11 



6,7,13, 
14 

6,7,13, 

14 

1,8 

1,2,8,9 



6,7,13, 
14 



C03B37/014 
C03B37/018 
B01J4/00 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



C03B 
B01J 



13,14 

1 



1,8 



© 

s 



Place of SMfch 

THE HAGUE 



Date of compJetjrxi of irte search 

12 August 1999 



Examiner 

Stroud, J 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant it taken alone 

Y : particularly relevant it combined with another 

document o( the same category 
A : technological background 
O : non -written disclosure 
P : intermediate document 



T ; theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited lor other reasons 

& : member of the same patent family, corresponding 
document 



•DOCID: <EP 0949212A1_I_> 



11 



EP0 949 212 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 30 2442 



p^ b ™ - abov.-rnen ti oned European search report. 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

12-08-1999 



Patent document 
cited in search report 



Publication 
date 



JP 63176328 A 



Patent family 
rnember(s) 



20-07-1988 



Publication 
date 



US 4582480 



15-04-1986 



JP 

CA 
EP 
JP 
JP 
WO 



8005690 B 

1256330 A 
0191054 A 
7072091 B 
61502888 T 
8601232 A 



24-01-1996 



27-06-1989 
20-08-1986 
02-08-1995 
11-12-1986 
27-02-1986 



JP 04342434 A 
JP 08259239 A 



EP 0040540 



27-11-1992 
08-10-1996 
25-11-1981 



NONE 



NONE 



CA 
JP 
JP 
JP 



1171940 A 
1270780 C 
57010323 A 
59034420 8 



31-07-1984 
25-06-1985 
19-01-1982 
22-08-1984 



For more details about th.s annex :see Official Journal of the European Patent Office. No. 12/82 



12 



